Maps of mean wet-bulb temperature isolines and mean wet-bulb depression isolines (and their standard deviations) for the U.S. and southern Canada were drawn for each month of the year using weather data from 140 observing sites. Map isolines use degrees Celsius units.
INTRODUCTION
, developed U.S. maps of isolines of mean monthly wet-bulb temperatures and mean wet-bulb depressions (and their standard deviations). These maps allow rapid estimation of weather parameters for design. They were drawn in degrees Fahrenheit by using weather data from 82 U.S. Weather Bureau stations. Average length of records was 10 years. These maps have been included in ASAE Standards since 1967 (ASAE, 1986) . Another source of weather data for design is the ASHRAE Fundamentals Handbook (ASHRAE, 1985) .
The objective of this project was to develop a set of maps similar to those in Schmidt and Waite (1962) but in degrees Celsius and using more extensive weather data observed over a larger area of North America.
WEATHER MAPS
The accompanying set of maps of the U.S. and southern Canada show isolines of mean wet-bulb temperature, mean wet-bulb depression, and their standard deviations, in degrees Celsius for each month. eastward to North Bay and Ottawa. The increased station density is fairly uniform, but with somewhat greater density east of the Rocky Mountains.
The average length of wet-and dry-bulb U.S. station records was 21 years, about twice that of the previous (1962) data analysis. The length of weather records in the U.S. varied from 8 to 35 years. The Canadian site records varied from 9 to 20 years and averaged 12.3 years.
Analysis procedure
The summary and analysis of the psychrometric drybulb and wet-bulb temperatures provided the means and standard deviations of dry-and wet-bulb temperatures. The tabulation of wet-bulb depressions were arrayed in 17 classes against dry-bulb temperatures in summary format. The summaries of the wet-bulb depressions were analyzed to provide wet-bulb depression means and standard deviations by month from the known numbers of observations each month.
The professional hand-drawn analysis allowed for review of each data point, compared to surrounding data for accuracy. The variable length of utilized records did not appear to influence computed means and standard deviations nor create discrepancies in the map analysis.
Use of hourly weather observations in this map series as compared to the use of 6-hourly synoptic data in the 1962 synoptic analysis did not result in large differences in the mean wet-bulb and wet-bulb depression isolines. The variations from the original analysis are primarily due to the doubling of record length, addition of southern Canada sites and substantial increase in the number of data sites used which allowed for greater analytic precision and detail. East of the Rocky Mountain range the wet-bulb temperature isoline configurations were similar with variations rarely exceeding 0.5 °C, or 40 km but on occasion variation was as great as 1 °C. However, westward over the Western U.S. mountains to the Pacific Coast line the additional sites, coastal water temperature differences and general topographic considerations resulted in some isoline displacement upward to 2 °C and on rare occasion to 4 °C. In general, isoline configurations were quite similar to the original series. Wet-bulb temperature depression isolines usually varied from the 1962 maps little; variations were usually less than 0.3 °C but an occasion varied upward to near 1 °C particularly along coastal areas, border areas or over the Western U.S. The variations may be in part a result of the longer time period which tended to present the longer smoothed periods rather than, for example, the droughtness of the 1950s over the Southwest to Central U.S. or similar persisting anomalous conditions affecting wet-bulb depressions.
Influences of Topography
The analysis took terrain influences in account in a general manner, but without numerous data points detailed analysis could not be accomplished. In the same manner the general coastal climatology was observed when drawing the isolines, taking into account coastal water temperatures and atmospheric moisture content.
Most of the data was obtained from airport locations which are usually rural or semi-rural and, therefore, the data are usually urbanized only slightly by the runways and normal airport activities. Rural areas tend to have lower temperatures and smaller wet-bulb depressions. Urban areas with lesser vegetation, and more paving and buildings tend to heat to higher temperatures especially by day. Rainfall runoff is much higher as are wet-bulb depressions.
Temperature Ranges
Dry-bulb and wet-bulb daily temperature ranges, while generally in phase, differ in amplitude. Both the dry-and wet-bulb temperatures normally vary from minima near, or shortly after, sunrise to maxima at or near mid-afternoon. For example, over most of the U.S. corn belt region, the daily dry-bulb temperature range is about 10 to 12 °C and wet-bulb range is about 3 to 4 °C, or about one third the amplitude of the dry-bulb temperature. As a consequence, the wet-bulb depression varies by 6 or 8 °C during the typical day. Over the drier U.S. steppe and desert regions, the daily dry-bulb temperature range increases to near 20 °C. Particulary in the dry Southwestern U.S., the wet-bulb temperature ranges increase to as much as 8 °C at Reno, NV, and 10 °C at Elko, NV, during the warmer months of the year (Albright, 1947) . Conversely, coastal regions along large water bodies report reduced wet-bulb depressions due to reduced temperatures and increased moisture. Largecity effects increase the wet-bulb depression somewhat over the surrounding countryside, due to higher temperatures and reduced evapotranspiration in metropolitan areas.
Standard Deviations
Standard deviations for this set of maps increased appreciably in magnitude over those in the earlier (1962) series. Standard deviations were computed for hourly temperature values about the average of the monthly means for the years of record. In the 1962 series, standard deviations were computed for the monthly means about the average of monthly means for the years of record. Introduction of variations resulting from drybulb and wet-bulb temperature daily ranges increased monthly standard deviations generally two-to four-fold and, therefore, better describe daily variations throughout each month. However, the 1962 map series better describe the year-to-year variations of the monthly averages.
Use of Standard Deviations Lines
Use of standard deviation to estimate the probability of occurrence of values different from the mean is based upon an assumption of normal frequency distribution. Frequency distributions of wet-bulb temperatures and wet-bulb depressions did not indicate significant departures from normal, although the distributions were skewed to the right and somewhat flat-topped. This places some limitations on the accuracy of standard deviations and resulting probability statements as well as their ability to provide precise results. However, information in the maps is believed to be the best available for estimating daily or other short-term temperatures.
An example will illustrate use of standard deviation isolines. For October in Central Iowa, the mean wet-bulb temperature is 8 °C with a standard deviation of 5.5 °C. Assuming variations are normally distributed, about 68% of the hourly temperature readings during October will be within one standard deviation of 8 °C (between 2.5 and 13.5 °C). About 95% of the hourly temperature readings will be within two standard deviations of 8 °C (between -3 and 19 °C). Estimation of the range of hourly temperatures during the month is of value in applications like environmental control of buildings where the systems are responsive to short-term temperature fluctuations.
